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R E S E A R C H  A R T I C L E
Megaherbivores may impact expansion of invasive seagrass in 
the Caribbean
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idly	 expanded	across	 the	Eastern	Caribbean,	 forming	dense	meadows	 in	 green	




grass	 to	Lac	Bay	 in	2010.	Field	observations,	 together	with	 time‐lapse	 satellite	
images	over	the	last	four	decades,	showed	initiation	of	new	grazing	patches	(65	ha,	
an	 increase	of	 72%).	 The	 sharp	border	 between	 grazed	 and	ungrazed	 seagrass	
patches	moved	 in	 the	direction	of	shallower	areas	with	native	seagrass	species	
that	 had	 previously	 (1970–2010)	 been	 ungrazed.	 Green	 turtles	 deployed	 with	
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1  | INTRODUC TION
Large	 herbivores,	 whether	 aquatic	 or	 terrestrial,	 can	 have	 strong	
impacts	on	associated	species	and	can	be	critical	ecosystem	engi-
neers	as	 they	alter	plant	productivity,	modify	geomorphology,	and	
influence	nutrient	 cycling,	 habitat	 structure	 and	plant	 coexistence	
(Bakker	et	al.,	2016;	Poore	et	al.,	2012;	Wood,	Armstron,	&	Richards,	
1967).	 Megaherbivores	 can	 impact	 plant	 species	 coexistence	 and	




Grazing	 can	 also	 precipitate	 species	 shift	 from	 long‐lived,	 slow	







aquatic	 systems	 (Augustine	&	McNaughton,	 1998;	 Bakker,	 Pagès,	
Arthur,	&	Alcoverro,	2015).	This	being	 the	 case,	 there	 is	 a	poten-
tial	for	grazers	to	increase	the	success	of	invasive	plants.	Evidence	
of	 interactions	between	grazing	and	invasive	plants	go	both	ways.	
Nonnative	 species	 may	 come	 to	 dominate	 by	 escaping	 specialist	
consumers	 (enemy	 release	 hypothesis;	 Keane	 &	 Crawley,	 2002).	






























both	 competitors	 and	 herbivores,	 is	 lacking	 (Rogers	 et	 al.,	 2014;	
Smulders,	Vonk,	Engel,	&	Christianen,	2017;	van	Tussenbroek	et	al.,	
2016),	making	the	potential	impacts	of	the	H. stipulacea	invasion	dif-
ficult	 to	 predict.	 Large	 grazers	 such	 as	 green	 sea	 turtles	 (Chelonia 
mydas)	may	 influence	 the	 responses	of	native	 seagrasses	 to	 intro-
duced	species	settlement	and	expansion.	A	recent	increase	in	global	
sea	 turtle	 populations	 (Chaloupka	 et	 al.,	 2008)	 is	 returning	 more	
seagrass	 areas	 to	a	naturally	 grazed	 state,	however,	 the	 impact	of	
grazing	on	(invasive‐)	species	coexistence	has	not	been	adequately	
considered	so	far.
In	 the	 Caribbean,	 green	 sea	 turtles	 typically	 consume	 large	














K E Y W O R D S
alien	invasive	species,	Chelonia mydas,	exotic,	foundation	species,	Halophila stipulacea,	
landscape	modification,	plant–herbivore	interactions,	Thalassia testudinum
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2014;	Preen,	1995),	comparable	to	“grazing	lawns”	in	terrestrial	sys-
tems.	 Turtle	 grazing	 further	 results	 in	 shorter	 leaves,	 lower	 shoot	
density,	and	lower	below‐ground	biomass	(Christianen	et	al.,	2012).	
Therefore,	we	hypothesize	 that	 turtle	 grazing	may	 impact	 species	
coexistence	and	invasive	seagrass	expansion	via	selective	grazing	of	
native	 seagrasses,	 their	 historically	 preferred	 food	 source,	 and	 by	
releasing	 space	 for	 subsequent	 settlement	by	opening	 the	canopy	
when	cropping.
In	 this	 study,	 we	 investigated	 the	 expansion	 of	 H. stipulacea,	
species	coexistence	between	native	and	introduced	seagrasses,	and	







food	preference	 for	 native	 and	 introduced	 seagrass	 species,	 com-
pared	 (iv)	 the	 nutritional	 content	 of	 invasive	 and	 native	 seagrass	
species,	 and	 (v)	 quantified	 the	 colonization	 rates	 of	 invasive	 sea-
grass	in	native	species	meadows	with	(the	exclusion	of)	green	turtle	
grazing.	 Furthermore,	 the	 changes	 in	meadow	 composition	 in	 the	



















































H. stipulacea	 invasion	 (2012,	 2014,	 2016).	 Ungrazed	 T. testudinum 
meadows	were	 visible	 on	 satellite	 images	 as	 a	 darker	 underwater	









2.3 | Green turtle movement patterns
Grazing	 behaviour	 by	 green	 turtles	 on	 native	 and	 introduced	
seagrass	 species	 was	 assessed	 by	 determining	 foraging	 pat-
terns	 and	 feeding	 preferences.	 Current	 foraging	 hotspots	 for	
green	 turtles	were	 identified	 and	 compared	 to	 seagrass	meadow	
composition	 in	 Lac	 Bay.	 We	 deployed	 Fastloc‐GPS	 transmitters	
(SPLASH10‐F‐351A,	 Wildlife	 computers,	 USA)	 that	 collected	
highly	 accurate	 location	 data	 from	 six	 green	 turtles	 (curved	 car-
apace	 length	67,	 70,	 73,	 82,	 82,	 and	83	cm	 respectively)	 over	 an	
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F I G U R E  1   (a)	The	location	of	Bonaire,	study	site	Lac	Bay	(inset),	and	the	geographical	distribution	of	Halophila stipulacea along	16	Eastern	
Caribbean	islands	where	H. stipulacea has	been	recently	reported	(modified	from	Willette	et	al.,	2014	and	Vera	et	al.,	2014).	(b)	Aerial	picture	
of	the	north‐east	section	of	Lac	Bay	with	drawn	lines	showing	the	shifting	border	between	grazed	(darker)	and	ungrazed	(lighter)	Thalassia 
testudinum	(Tt)	over	multiple	years;	before	H. stipulacea invasion	(January	1970,	2010),	and	after	H. stipulacea invasion	(February	2012,	
2014	and	2016).	The	border	moves	towards	the	shallower	area	bordering	the	mangroves	(top	left).	The	area	between	outer	lines	represents	
the	same	“new	grazed	patches”	as	in	figure	panel	(c)	and	is	presented	as	a	filled	blue	polygon.	Aerial	picture:	Google	earth	2016.	(d)	Native	
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inspection.	 After	 attachment	 of	 satellite	 transmitters,	 locations	
were	received	from	Argos	via	the	Wildlife	computers’	data	portal.	
We	 used	 Fastloc‐GPS	 locations	 derived	 from	 four	 to	 nine	 satel-
lites.	Prior	to	the	data	analysis,	we	plotted	all	locations	to	visually	
identify	 outlying	 data	 points	 representing	 likely	 erroneous	 loca-
tions	(e.g.,	located	on	land)	and	we	followed	previously	established	
standard	methods	 to	 exclude	 likely	 erroneous	 Fastloc‐GPS	 loca-
tions	 using	 the	 following	 steps	 (Christiansen,	 Esteban,	Mortimer,	












to	 avoid	 pseudo	 replication,	 we	 only	 retained	 one	 randomly	 se-
lected	 location	 per	 day	 (Christiansen	 et	 al.	 2017).	 Finally,	we	 se-
lected	all	locations	that	were	recorded	on	seagrass	habitat,	inside	
Lac	Bay.	Green	turtle	home	range	sizes	were	estimated	using	Kernel	
Utility	 Distribution	 (KUD,	Worton,	 1989)	 as	 implemented	 in	 the	
adehabitatHR	package	 (Calenge,	2006)	 in	R	 (R	Core	Team,	2017),	
using	 the	 reference	bandwidth	 (href)	 as	 the	 smoothing	parameter	
(extent	=	0.2,	 grid	=	100;	 Thomson	 et	 al.,	 2017).	 Activity	 centres	
(foraging	hotspots)	were	identified	using	50%	KUD	(Worton,	1989,	
Christiansen	et	al.	2017),	and	mapped	using	QGIS.
2.4 | Green turtle foraging preferences
Green	 turtle	 seagrass	 species	 preferences	 were	 determined	 by	
cafeteria	 (or	 food	 choice)	 experiments	 (Becking,	 Bussel,	 Debrot,	
&	 Christianen,	 2014).	 A	 total	 of	 59	 cafeteria	 experiments	 were	
undertaken	 in	 Lac	 Bay	 between	 October–December	 2013,	 July–
November	2015,	and	October–December	2016.	In	order	to	account	
for	 the	previously	 observed	high	 site	 fidelity	 of	 green	 turtles,	 the	
setup	was	deployed	at	multiple	sites	within	Lac	Bay,	differing	in	sea-
grass	assemblages	(dominated	by	T. testudinum or	by	H. stipulacea)	at	
a	water	depth	between	1.7	and	4.0	m.	The	setup	consisted	of	three	
seagrass	 tethers,	each	with	a	bundle	of	 leaves	of	 similar	 size	 from	
one	 of	 the	 three	 locally	 dominant	 seagrass	 species	 (T. testudinum,	
S. filiforme,	 and	H. stipulacea),	 placed	 in	 random	order	 at	 each	de-








2.5 | Comparison of nutritional content between 
native and introduced seagrass species
We	compared	native	(T. testudinum and S. filiforme)	and	introduced	
(H. stipulacea)	seagrass	species	biomass	and	leaf	nutritional	content.	
Seagrass	 samples	 were	 collected	 at	 12	 locations	 across	 Lac	 Bay	
where	there	were	clear	indications	of	green	turtle	grazing.	At	each	
site,	 species	were	 sampled	 using	 a	 core	 (15.3	cm	diameter,	 20	cm	
deep).	 Sediment	 was	 removed,	 leaves	 were	 cleaned	 of	 epiphytes	
and	all	material	was	rinsed	with	water,	dried	for	48	hr	at	60°C,	and	
the	biomass	of	all	plant	parts	was	measured	separately	per	species.	












(Optima	 8000	 ICP‐OES,	 Perkin‐Elmer,	 MA,	 USA).	 Soluble	 sugar	
content	was	determined	from	7	mg	dry	plant	material	extracted	in	
80%	ethanol	in	12	replicates	per	species.	Starch	was	subsequently	
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extracted	 from	 the	ethanol‐insoluble	 fraction	by	hydrolysis	 in	3%	
HCl	and	boiled	at	100°C	for	30	min.	Soluble	sugars	and	starch	ex-
tractions	were	measured	in	an	anthrone	assay	standardized	to	su-
crose	 (Yemm	 &	Willis,	 1954).	 Light	 absorption	 was	 measured	 on	
a	 plate	 reader	 at	 625	nm	 (SPECTROstar	 Nano,	 BMG	 LABTECH,	
Germany).	 All	 samples	were	measured	 in	 duplicate	 and	 a	 calibra-
tion	curve	was	prepared	for	every	series	of	measurements	(soluble	
sugar,	starch).
2.6 | Impacts of grazing on expansion of 
invasive species
To	 assess	 the	 impact	 of	 turtle	 leaf	 grazing	 on	 plant	 competition	
through	 clonal	 expansion	 by	 H. stipulacea,	 we	 measured	 the	 de-
velopment	 of	H. stipulacea	 cover	 in	 1.5	 by	 1.5	m	 plots	 with	 and	
without	 natural	 leaf	 grazing	 by	 green	 turtles	 during	 4.5	months	
(July–November	2015).	These	plots	were	placed	at	 random	 in	se-
lected	 locations	 in	 the	 seagrass	 meadow	 at	 similar	 depths	 and	
initially	contained	no	H. stipulacea.	The	cover	of	H. stipulacea	was	




above	 the	 sediment	 surface.	 To	 create	 plots	without	 grazing,	we	
employed	 five	 turtle	 exclusion	 cages	 (l	×	w	×	h:	 1.5	×	1.5	×	0.3	m)	
constructed	of	galvanized	steel	mesh	(15	×	15	cm,	0.9	cm	diameter	
wires).	 The	 mesh	 excluded	 sea	 turtles	 but	 permitted	 passage	 of	
smaller	bodied	animals	 (e.g.,	 fish)	and	ensured	a	negligible	 impact	
on	light	transmission	to	the	seagrass	bed	(Christianen	et	al.,	2012).	





2.7 | Changes in seagrass occurrence since 
introduction of H. stipulacea
In	order	to	map	recent	changes	in	species	occurrence	for	H. stip‐
ulacea	and	the	native	seagrass	species	in	Lac	Bay,	we	quantified	
seagrass	 occurrence	 in	 2011	 (the	 year	 after	 the	 first	 reported	




after	 which	 six	 replicated	 1‐m2	 quadrats	 were	 assessed.	 The	








Prior	 to	 model	 fitting,	 all	 data	 were	 checked	 for	 normality	 using	




assays	were	 analysed	with	 a	 nonparametric	 Friedman’s	 test	 and	 a	













before	the	 introduction	of	H. stipulacea	 to	Lac	Bay.	The	total	area	of	
ungrazed	T. testudinum	decreased	by	64.9	hectares	while	the	total	area	
that	was	grazed	increased	to	155	hectares	during	the	period	from	2010	
to	2016.	The	grazed	area	covered	78%	of	 the	 total	 area	of	 seagrass	
habitat	(~200	ha)	that	was	present	at	the	research	site	in	2016.
3.2 | Green turtle foraging patterns and preferences
Green	 turtles	 deployed	 with	 Fastloc‐GPS	 transmitters	 confirmed	
high	site	 fidelity	 to	 these	newly	grazed	patches.	Five	of	 the	green	
turtles	 that	were	deployed	with	 transmitters	generally	 foraged	on	
the	seagrass	meadows	inside	Lac	Bay,	while	one	individual	migrated	
to	Venezuela	immediately	after	it	was	tagged	(latter	not	included	in	
analysis).	The	 filtering	of	 the	Fastloc‐GPS‐transmitted	data	 (as	de-
scribed	 in	 the	 methods)	 resulted	 in	 the	 removal	 of	 381	 locations	
from	 a	 total	 of	 1848	 locations.	 The	 green	 turtles	 restricted	 their	
movements	 to	 relatively	 small	 areas,	 identified	 from	 50%	 Kernel	
Utility	Distribution	(KUD)	(Figure	1c).	We	refer	below	to	these	areas	
as	“foraging	hotspots.”	Most	 individual	sea	turtles	focused	at	sites	
with	 a	 single	 centre	 of	 activity;	 only	 one	 individual	 moved	 regu-
larly	between	three	foraging	hotspots	(turtle	ID	162896,	Figure	1c).	
These	restricted	movements	indicated	a	high	degree	of	site	fidelity	




























3.3 | Comparing seagrass nutritional content
The	comparison	of	native	and	introduced	seagrass	in	grazed	mead-
ows	 in	 Lac	 Bay	 revealed	 that	 the	 grazed	 leaf	 biomass	was	 similar	
for	both	T. testudinum	 (44.83	±	17.50	g	DW	m–2)	and	introduced	H. 
stipulacea	(54.60	±	9.76	g	DW	m–2,	Figure	3g),	while	the	grazed	leaf	
biomass	was	significantly	 lower	 (ANOVA,	p	=	0.024)	 for	S. filiforme 
(22.41	±	11.67	g	DW	m–2).	The	nutritional	values	were	significantly	
higher	for	leaf	material	collected	from	the	native	T. testudinum	com-
pared	to	the	 invasive	H. stipulacea	and	the	other	native	S. filiforme 
seagrass.	Nitrogen	and	phosphorus	content	were	significantly	higher,	
and	C:N	ratios	were	significantly	lower	for	T. testudinum	(p < 0.001; 
Figure	3a,c,e)	compared	to	H. stipulacea.	Two	types	of	soluble	car-
bohydrate	were	tested:	the	soluble	sugars	content	in	T. testudinum 
leaves	was	 significantly	 higher	 (p	=	0.016,	 Figure	 3b)	 compared	 to	
H. stipulacea and S. filiforme leaves,	whereas	we	detected	no	statisti-




3.4 | Impacts of grazing on clonal expansion of 
H. stipulacea
Leaf	 grazing	 of	 T. testudinum	 by	 green	 turtles	 significantly	 im-
pacted	 clonal	 expansion	 rate	 of	 H. stipulacea	 in	 native	 meadows	
(Figure	 4).	 After	 134	days,	H. stipulacea	 appeared	 in	 three	 of	 five	
grazed	plots	with	an	average	cover	of	10.0%	±	4.9%,	and	in	one	of	
five	ungrazed	plots,	with	an	average	occurrence	of	1.0%	±	1.0%.	The	
initiation	of	 clonal	 expansion	of	H. stipulacea	was	 faster	 in	 grazed	
plots	 (first	 reported	 at	 12	days)	 compared	 to	 ungrazed	 plots	 (first	
reported	 at	 103	days).	 The	 increase	 in	 H. stipulacea	 occurrence	
after	134	days	was	significantly	different	between	grazed	and	un-
grazed	 plots	 (F	=	19.84,	 p	<	0.001).	 At	 the	 end	 of	 the	 experiment,	
T. testudinum	 cover	was	 significantly	 lower	 in	 plots	 that	 had	 been	
F I G U R E  3  Comparison	of	leaf	material	
of	the	invasive	Halophila stipulacea (Hs), 
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colonized	 by	H. stipulacea	 (24%	±	2.5%)	 compared	 to	 uncolonized	
plots	 (41%	±	10.5%;	F	=	13.43,	p	<	0.001).	However,	 the	 change	 in	
T. testudinum	 occurrence	 over	 time	was	 not	 significantly	 different	
between	grazed	and	ungrazed	plots	(p	>	0.05).
3.5 | Changes in seagrass occurrence
Overall,	 we	 observed	 an	 increase	 in	 seagrass	 occurrence	 from	
60.1%	 to	63.2%	 in	 Lac	Bay	during	 the	period	 from	2011	 to	2017.	
The	occurrence	of	the	invasive	seagrass	H. stipulacea	increased	from	
5.5%	±	2.8%	 occurrence	 in	 2011	 to	 25.8%	±	5.8%	 occurrence	 in	








T. testudinum	 disappeared	 from	six	 locations	while	 the	occurrence	
of	H. stipulacea	increased.	Near	the	mangrove	border,	T. testudinum 
was	still	 the	dominant	seagrass	 in	2017,	with	an	occurrence	at	the	
fixed	sampling	locations	directly	adjacent	to	the	mangroves	at	>90%.	
However,	 visual	 observation	 in	 areas	 between	 sampling	 locations,	











F I G U R E  4  Effect	of	turtle	grazing	on	
colonization	rate	of	(a)	invasive	species	






































F I G U R E  5  The	relative	occurrence	per	seagrass	species	(a)	in	2011	and	(b)	in	2017.	Forty‐nine	fixed	monitoring	locations	were	spaced	
evenly	in	intervals	at	250	m	in	Lac	Bay,	Bonaire.	Pie	charts	are	scaled	to	absolute	total	seagrass	occurrence	for	each	monitoring	location	
[Colour	figure	can	be	viewed	at	wileyonlinelibrary.com]
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suggests	that	large	herbivores	can	also	trigger	the	expansion	of	in-
vasive	 species	by	 suppressing	native	 species	which	may	be	higher	
in	 palatability	 but	 competitively	 inferior.	 Large	 herbivores	 play	 an	
important	but	yet	 largely	unrecognized	role	 in	 invasions	of	aquatic	
ecosystems,	 however,	 adequate	 consideration	 of	 their	 impacts	 is	
getting	increasingly	important	(Bakker	et	al.,	2015),	especially	with	
the	anticipated	global	change	 in	species	 invasions	and	 large	grazer	
populations	 (e.g.,	 trophic	 downgrading,	 Estes	 et	 al.,	 2011;	 marine	
defaunation,	McCauley	et	a.,	2015).	Our	results	provide	 important	







euthrophied	 sites	 (van	 Tussenbroek	 et	 al.,	 2016).	Many	 other	 fac-
tors	may	 be	 involved,	 including	 high	 fragment	 viability	 (>2	weeks;	
Smulders	 et	 al.,	 2017),	 a	 potential	 high	 seed	 dispersal	 distance	












and	 ungrazed	 native	 seagrass	 patches	 moved	 towards	 shallower	
areas.	These	areas	contained	native	seagrass	species	that	had	pre-
viously	been	ungrazed,	encompassing	a	surface	area	of	65	hectares.	
The	 grazing	 border	 had	 previously	 remained	 at	 a	 stable	 location	












Following	 their	 severe	historical	 depletion	due	 to	overharvest,	
sea	 turtles	 have	 been	 noticeably	 increasing	 in	 density	 in	 the	 lee-
ward	Dutch	Caribbean	islands,	including	Bonaire,	in	recent	decades,	





Bonaire,	2012,	2016	 ).	Thus,	 the	decline	 in	native	seagrasses	does	
not	 appear	 to	 be	 predominantly	 fuelled	 by	 the	 increased	 grazing	
pressure	of	turtles,	as	their	population	growth	rate	was	not	signif-
icant	and	did	not	match	the	rate	of	spread	of	the	invasive	seagrass	
in	 the	 area.	 The	 observed	 nonlinear	 response	 of	 declining	 native	
seagrass	 to	 grazing	 and	 invasive	 species	 supports	 the	 notion	 that	







sive	 species.	With	 the	projected	 increase	 in	population	density	of	









tent	 (Bjorndal,	 1997)	 which	 are	 characteristics	 attributed	 to	 fast‐
growing	 species	 (such	 as	H. wrightii)	 over	 slower	 growing	 species	
(such	as	T. testudinum;	Christianen,	2013).	The	invasive	H. stipulacea 
seems	to	be	an	exception	to	this	rule.	Although	it	is	a	fast‐growing	
species,	 the	 relative	 nitrogen	 content	 of	H. stipulacea (a	 proxy	 for	
palatability	or	nutritional	 value)	 and	 sugar	 content	 is	 almost	 twice	
as	 low	as	observed	 in	the	slower	growing	native	species.	Together	








Although	 herbivore	 food	 preferences	 are	 informative,	 these	
preferences	 can	 change	over	 time	 (Trowbridge,	 1995),	 induced	by	
both	 plants	 and	 grazers.	 Plants	 can	 respond	 in	 time	 by	 allocating	
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Although	H. stipulacea was	already	often	considered	to	be	inva-





seagrass	mats	 at	 high	 environmental	 nutrient	 concentrations	 (van	
Tussenbroek	et	al.,	2016),	we	also	found	dense	H. stipulacea	mats	in	
noneutrophied	areas.	Together	with	our	 results	on	 turtle	 impacts,	
this	highlights	that	the	“invasiveness”	of	this	species	is	not	only	be	
driven	by	abiotic	environmental	conditions	(e.g.,	van	Tussenbroek	et	




ries	data	also	 indicate	that	the	 invader	 is	advancing	through	space	
and	time	in	concert	with	grazing	(Figures	1b	and	5).	However,	under	
undisturbed	 conditions,	 and	 at	 longer	 time‐scales,	 it	 is	 less	 clear	
whether	H. stipulacea can	actively	push	out	native	seagrass	species.	
So	 far,	 shallow‐rooted	 invasive	H. stipulacea	was	 only	 reported	 to	
rapidly	 displace	 shallow‐rooted	 S. filiforme and H. decipiens	 in	 the	
Caribbean	 (Steiner	 &	 Willette,	 2015;	 Willette	 &	 Ambrose,	 2009,	
2012	;	Willette	et	al.,	2014).	Here,	we	report	that	invasive	seagrass	
mats	are	replacing	deeper	rooted	T. testudinum. This	can	potentially	
compromise	 the	 ecosystem	 services	 of	 the	 seagrass	meadow.	 For	
example,	a	decrease	in	root	biomass	may	lead	to	decreased	carbon	
sequestration	(Marba	et	al.,	2015),	and	a	decreased	stabilization	of	
the	 seafloor	 during	 storms	 and	 thus	 decreased	 coastal	 protection	
(Christianen	et	al.,	2013;	Vonk,	Christianen,	Stapel,	&	O’Brien,	2015).





turtles	may	 need	 a	 larger	 foraging	 area	 of	 this	 lower	 quality	 food	






foraging	 strategy,	 this	 could	 ultimately	 result	 in	 overall	 decreased	




5  | SUMMARY: INVA SIVE SPECIES 
E XPANSION AND MEGAHERBIVORES
Based	on	our	results	we	summarize	here	how	megaherbivore	graz-
ing	may	impact	invasive	plant	expansion	using	seagrass	ecosystems	
and	 green	 turtles	 as	 a	model	 (graphical	 abstract).	 In	 tropical	 sea-
grass	 ecosystems,	 herbivory	 can	 facilitate	 invasive	 species	 expan-
sion	by	a	hypothetical	positive	feedback	mechanism.	Green	turtles	






(Figure	4).	As	 the	biomass	of	native	 seagrass	 species	gets	 scarcer,	





We	 conclude	 that	 grazing	 by	megaherbivores	may	modify	 the	




in	 seagrass	 habitat	 warrants	 future	 investigations	 of	 interactions	
between	grazing	and	 invasive	 species	expansion	 in	 relation	 to	 the	
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